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ANTI-REFLECTIVE GLASS SURFACE WITH IMPROVED CLEANABILITY 

FIELD OF THE INVENTION 

This invention relates to the surface structure of anti-reflective glass and more 
S[ particularly to a surface structure of glass which has a low reflectance while attaining high clarity 
and is easy to clean. This invention also relates to methods of producing such surface structures of 

H s 

SX glass. 

• BACKGROUND OF THE INVENTION 

U ^ It is known that glass can be treated to reduce glare (reflection) by making use of two 

iff I different physical phenomena, diffusion and anti-reflection. Diffusion refers to the phenomenon by 
h: which reflections of light are scattered in various directions, so that the intensity of the reflections 
in the direction of a viewer is reduced, but the total hemispherical reflection remains the same. 
"Diffusion etching" treats a glass surface to increase the diffusion effect. Reducing glare by 
diffusion may be achieved by roughening the glass surface using physical or chemical means, e.g., 
15 by grinding, sand blasting, or acid etching. 

Frosted glass is a typical light diffusion material which is usually made by acid 
etching of the glass surface. However, frosted glass cannot be used in applications where high clarity 
is required along with low glare. Examples of such applications are in picture frames; a protective 
surface for a cathode ray (picture) tube in television receivers; or as a screen for computer monitors. 
20 The above applications require a high level of clarity to prevent distortion of the images and colors 
displayed by a picture, such as a photograph, or to prevent detracting from the visual appreciation 
of the image. It is also desirable and important to reduce glare to prevent reflected light from 



-1- 



I 



interfering with observation of the picture or photograph contained therein. The reduction of glare 

is of particular importance in computer monitors where fatigue or stress may be induced by 

unwanted reflections. At the same time, image clarity must be maintained to minimize distortion. 

Distortion can cause eye strain if the image is viewed for long periods for time. Various attempts 
5 have been made to improve the light transmission qualities of frosted glass. However, the degree 

of clarity that has been achieved in such products has not been sufficient to enable them to be used 

in picture frames or in monitor screens. 

Anti-reflection glass uses the principal of destructive interference. This results when 

incident light is reflected from an anti-reflection surface of a glass sheet. Trapping the light at 
lp§> particular wavelengths results is an actual reduction in the total light reflected. This includes the 
rt light that is directed toward the viewer. Although the total light reflected is reduced, the 



• 5 V transmission (clarity) is increased. Such anti-reflection effects are usually achieved by applying one 

SI or more coatings to the sheet glass surface. Such coatings may be an inorganic metal oxide, which 

p may be deposited by vacuum deposition, sputtering or sol gel deposition. However, anti-reflection 

lpl, processes are quite costly and therefore the treated glass is not economical for use in high- volume 

'i applications such as in picture frames or for replacing common glass. Consequently, low glare, high 

Iff clarity sheet glass has not been generally available for use in these applications due to either poor 

H 

P r clarity or high cost. 

U.S. Patent No. 5,120,605 to Zuel et al. discloses combining surface structures 
20 through both diffusion etching and anti-reflective etching to provide a low reflectance, high clarity 
glass at a low cost. However, such glass is difficult to clean using common household glass cleaners. 
Fingerprints, which are a common on glass surfaces such as picture frames and cathode ray tubes, 
are especially difficult to remove without special high-strength glass cleaner. Such speciality high- 
strength glass cleaners are not normally available to the general public and are expensive. 

25 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a glass sheet or pane having a 
particular surface structure which yields high clarity and low reflectivity of incident light, while 
; processing costs. In addition, the glass surface can be easily cleaned using common 
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household glass cleaners. 

Another object of the present invention is to provide a process for producing a 
particular glass surface structure having high clarity and low reflectivity properties at a cost that is 
competitive with the cost of common glass and can be easily cleaned using common household glass 
cleaners. 

The present invention provides a high clarity, low reflectivity glass having at least one 
glass surface including a plurality of islands extending across the surface of the glass. The islands 
have a density of about 60 to about 10,000 islands per square millimeter, and are about 10 to about 
200 micrometers in diameter. The islands extend across the entire surface of the glass in such a 
distribution that they provide a decreased reflectance of incident light across the surface of the glass. 
The glass surface also includes a skeletized silica structure extending uniformly over the surface of 
the glass. The skeletized structure is about 100 to about 400 angstroms has openings of about 100 
to about 200 angstroms uniformly distributed throughout. The density of the skeletized structure 
is about 50 to about 70 per 200 nanometers square. 

The preferred process for producing the inventive structure on the surface of a glass 
generally includes multiple steps. First, a glass member that includes one or more light-reflecting 
surfaces is provided. At least that surface of the glass member is exposed to an acid solution to 
remove weathered layers. Then the glass member is rinsed in a neutral solution. Next, the glass 
member is dipped in an aqueous solution containing a strong fluoride ion agent, a weak fluoride ion 
agent and a moderator. The glass member remains in the aqueous solution for a time period and at 
a solution temperature sufficient to produce islands on the glass surface. The islands may be 
distributed at a density of about 60 to about 1 0,000 islands per square millimeter. The glass is then 
rinsed with a cleansing solution. These steps produce a diffusion etched surface on the exposed 
surface of the glass member. Lastly, the diffusion etched surface is immersed in an anti-reflection 
acid solution. The glass member is immersed for a time sufficient to produce a skeletized silica 
structure extending uniformly over the surface of the glass . The skeletized structure may be about 
100 to about 400 angstroms and having openings of about 100 to about 200 angstroms in length 
uniformly distributed throughout. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and still further objects, features and advantages of the present invention 
will become apparent upon consideration of the following detailed description of a specific 
embodiment therefor, especially when taken in conjunction with the accompanying drawings 
5 wherein the reference figures are utilized to designate like components, and wherein: 

Figure 1 is an illustrative side view of an untreated glass sheet; 
Figure 2 is an illustrative view of the glass surface structure after the diffusion etching 
treatment according to the present invention; 
H* Figure 3 is an illustrative view of a typical primary raised structures produced on the 

l|h glass surface; 

p Figure 4 and is enlarged illustrative views of the glass surface structure after 

Si anti-reflectance etching according to the present invention; 

p Figures 5 through 1 1 are scanning electron micrographs illustrating a glass surface 

% £ at various stages of the anti-reflective process of the present invention, including a comparison with 

1 & 1 a typical diffusion etched surface ; 

& 

yrt Figures 12 and 13 are scanning electron monographs of a diffusion etched glass 

S% surface; 

Figure 14 is a scanning electron monograph of the glass surface's secondary raised 
and lowered surfaces as formed by prior art processes; and 
20 Figure 15 is a scanning electron monograph of the glass surface's secondary raised 

and lowered surfaces as formed by the currently preferred exemplary embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides an inexpensive but nonetheless effective 
anti-reflective, low glare, glass product that is easily cleaned using common household glass 
25 cleaners. This glass is particularly useful as a protective cover or shield in picture frames or as a 
screen for cathode ray tubes. 

Figure 1 is an illustration of a glass sheet, prior to any treatment according to the 
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present invention. The sheet 1 includes two smooth surfaces 2 and 2a. For ease in illustration, only 
one surface 2 will be discussed. Of course, one or more surfaces of a glass article may include the 
surface structure of the present invention. 

One preferred type of glass usable in the invention is typically termed "soda-lime" 
5 glass. In general, soda-lime glass contains a percentage of sodium oxide and calcium oxide 
dispersed in silicon dioxide (silica), which forms the major component of the glass. Generally, 
during the etching process, the soda-lime components are dissolved and removed by the etching 
solution leaving the skeletized glass structure remaining. However, depending on the potency of the 
etching solution and the duration of the etching treatment, the silica itself may also be dissolved to 
1&* £ a certain extent. Soda-lime glasses useful in the invention may contain from about 5 to about 45 
p percent by weight of soda-lime with about 20 to about 25 percent by weight soda-lime preferred. 
p s While such glasses are preferred for use in the present invention, it will be understood by those 
^ skilled in the art that sheets and shapes of various other types of glass well known to the art may be 
q processed to achieve the unique glass structure described herein and to thereby acquire the high 
ljL clarity/low reflectivity/cleaning properties taught by the present invention. For example, glasses 
g 1 containing other alkali or mineral oxides such as potassium oxides, barium oxides, strontium oxides 
111 and aluminum oxides, with or without a small percentage of lead, may also be used. Also, glasses 
which have been tempered using conventional tempering treatments yield excellent results when 
employed as starting materials in the present invention. Consequently, the discussion of soda-lime 
20 glass in the instant description of the invention is exemplary and does not limit the scope of the 
invention thereto. 

In order to form the surface structure of the invention on soda-lime glass, a plurality 
of steps must be undertaken in sequence and under closely controlled conditions. While glass used 
for picture frames or monitor screens are the principal application of interest, the anti-reflective glass 
25 of the present invention is useful in several other applications. These other, non-limiting, 
applications include windshields for motor vehicles, boats and aircraft, windows for residential and 
commercial structures, table tops, and other glass structures where high clarity and low reflectance 
is desired. 

The process of the present invention can be used with a glass sheet or other 
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configurations of glass articles, such as curved or multi-faceted glass. However, glass sheets are the 
most common application. Where only one surface of a glass sheet is to receive the inventive 
anti-reflective treatment, the opposite surface may be masked or protected from the treating solution. 
The glass is protected by applying a protective coating to the surface prior to contacting the sheet 
with any of the treating solutions of the invention. Suitable protective coatings include organic 
materials that do not react with the treating acid solutions, for example, PVC, polyethylene or 
polypropylene. 

Prior to undergoing any etching, the surface of the glass must be cleaned to remove 
any oils, greases and any other contaminants which may interfere with the etching process. Any 
suitable heavy duty industrial glass cleansing solution may be used as a cleansing agent, such as, for 
example, a 50/50 (volume) solution of ammonia and water. The glass to be treated is generally 
immersed in the cleaning solution at about 45°to about 65° C to assist the cleaning action, with the 
solution agitated for about 10 minutes. After removal from the cleansing solution, the glass sheet 
is then rinsed with clean water, at room temperature. 

The surface of the glass then undergoes a pre-etching step to remove a weathered 
surface layer which is usually comprised of surface oxides. This enhances the wetting with the 
treatment chemicals. A typical soda-lime glass sheet, including about 23% soda-lime, may be 
pre-etched in an acid solution comprising about 0.5 to about 12.0% hydrofluoric acid, with about 2 
to about 4% preferred. 

After the pre-etching step, the glass is rinsed with water at about 25° C and thereafter 
diffusion etched using a diffusion etching solution, the glass treated for between 15 seconds to 25 
minutes depending on temperature and concentration. The aqueous solution that may diffusion etch 
may include a strong fluoride ion agent, such as hydrogen fluoride, and a weak fluoride ion agent, 
such as ammonium bifluoride or ammonium fluoride. Both ion agents may be combined with a 
moderator which may control the activity of the fluoride ions in solution. The moderator may be an 
organic hydroxy group or an "-OR" group containing compound, including at least one hydroxy or 
"—OR" group where R equals C k H 2k+1 , and k is any integer which produces a water soluble 
moderator. For example, compositions may be used which have the formula C l H m O n where 1 is an 
integer from 2-12, m is an integer from 4-26 and n is an integer from 2-12. This compound may 



include from 1 tol2 hydroxy groups or "--OR" groups. Also, compounds having the following 
formulas may be used: 

CpH^p^Op, C p H 2p+ 20 p . 1? C p H 2p+2 O p _ 2 , C p H 2p+2 O p _ 3 , C p H 2p+2 O p _ 4 , C p H 2p O p , C p H2 p Op_ 1? CpH^pO^, 
C p H 2l>2 O p+2? C p H 2l>2 0p +1? CpH 2p . 2 O p? C p H 2p _ 2 0p_ l5 C p H 2p _ 2 O p _ 2 , 

5 where p is an integer from 2- 1 2 and where from 1 to 1 2 hydroxy groups or "-OR" groups are present. 
Specific water soluble moderators include sucrose, glucose, xylose, ethylene glycol, glycerol, 
diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol monobutyl ether, 

H ? diethylene glycol monoethyl ether and sorbitol. 

p In the preferred embodiment, the moderator is sorbitol (C 6 H 14 0 6 , with 6 hydroxyl 

1 |S s groups). One embodiment of an aqueous solution that can diffusion etch includes hydrofluoric acid, 
S I ammonium bifluoride and sorbitol. The aqueous solution of this embodiment may contain from 3 0 
p to 550 milliliters per liter of 70% by weight hydrofluoric acid, 30 to 250 grams per liter of 
•L. ammonium bifluoride, and about 250 to 850 grams per liter of sorbitol. 

The preferred embodiment of the diffusion etching aqueous solution comprises 430 
ljjf ml/L of 70% hydrofluoric acid, 80 g/L of ammonium bifluoride and 500 g/L of sorbitol The 
X\ aqueous solution is applied to the glass, preferably by immersion, for 30 seconds at 20° C. The 
sorbitol, as moderator, serves to retard the etching effect of the acid constituent. As the amount of 
sorbitol is increased in the bath, the amount of etching of the glass surface that is achieved in a given 
time period will be reduced. Similarly, as the quantity of sorbitol is decreased, the etching action 
20 of the bath is enhanced. 

Generally, the glass is treated by contacting the sheet with the aqueous solution. In 
one embodiment, the sheet is immersed in the solution, which can be either in a one dip or multi dip 
operation. The time per dip may range from seconds to minutes depending on the concentrations, 
processing temperatures, and glass to be treated. It is preferable to utilize multiple dips for providing 
25 a finer etched structure with greater uniformity. However, the choice of whether a one-dip or a 
multi-dip process is used may be determined by the user. 

Control of the processing temperatures is very important to achieving the proper 
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surface structure in the present invention. Generally, temperatures between 0° to 35° C are preferred 
for the diffusion etching treatment. While such etching may be carried out above and below this 
range, below 0° C the reaction rate is unnecessarily slowed, while above 35° C the reaction rate may 
cause more severe etching than desired. Generally, the lower temperatures are preferred because at 
the lower reaction rates, it takes longer to etch the glass, enhancing control of the etching process 
and therefore providing a more finely etched surface structure which tends to yield a glass with 
increased clarity. 

Referring now to Figure 2, the first stage of the diffusion etching is shown. The glass 
surface 2 has been etched to produce a plurality of islands 3, which are randomly distributed over 
the glass surface. These islands range from about 10 to about 200 micrometers in diameter. 

To secure the best anti-reflective characteristics, it is desirable to produce glass 
surfaces having a plurality of islands, having between about 60 to about 10,000 and preferably 200 
to 3,000 and most preferably 250 to 600 islands per square millimeter. The number of islands can 
be controlled somewhat by varying the time of immersion in the aqueous solution. As the immersion 
time increases, the number of islands increases. The higher density of islands precludes the 
formation of a scalloped surface. It has also been found that one technique for controlling the 
density (number of islands per unit area of glass surface) of islands is to vary the concentration of 
sorbitol within the aqueous solution. The number of islands per unit area of glass surface increases 
as the concentration of sorbitol is increased. 

The glass must be treated within relatively precise temperature, time and 



concentration parameters to achieve the described diffusion surface. Examples of various 
compositions and parameters usable for achieving the described diffusion surface structure are 
disclosed in Table 1 . 



Table 1 


Bath Parameters 


Bath No. 1 


Bath No. 2 


Hydrofluoric Acid 70% (ml/1) 


40 


465 


Ammonium Bifluoride (g/1) 


150 


80 


Sorbitol (g/1) 


530 


490 



Immersion Time 

(No. of Dips & Min. per Dip) 


4 Dips at 3 Minutes per Dip 


1 Dip at 0.4 Minutes per Dip 


Temperature (° C) 


6.11 


22.22 



After completing the diffusion etching treatment described above, the glass surface 
is generally rinsed in an agitated solution of water at 25° C for 5 minutes. The glass surface is then 
treated to provide a fine, irregular anti-reflective (AR) structure on the glass surface. Immersion of 
the glass into an anti-reflection acid solution creates skeletal structure consisting of ultra fine pores 
in the surface of the glass. The ultra fine pores cover the entire surface of the islands that were 
previously created by the diffusion etching step. This structure now appears somewhat as an 
interconnecting silica network. The ultra fine pores are between about 1 00 and about 200 angstroms. 

Processes for providing AR surfaces are known in the art, vapor deposition, sol gel 
deposition and sputtering. All of the above processes are usable with the invention but the preferred 
embodiment produces the AR structure by acid etching. Acid etching treatment offers the advantage 
of low cost and is readily adaptable to high volume production operations. 

Producing the high clarity, low reflectance glass of the present invention requires 
treating the already diffusion etched soda-lime glass with an anti-reflection acid solution. The acid 
solution is prepared by dissolving hydrated silica to saturation in an acid, suchasH 2 S0 4 , HC1,HN0 3 , 
H 3 P0 4 , or in salts of these acids. A fluoride ion is then added because it is essential that some 
fluoride ion be present. While hydrogen fluoride (HF) may be used, the preferred embodiment 
utilizes fluorosilicic acid as the acid component. After dissolution of the hydrated silica to 
saturation, the solution is filtered to remove the excess silica. 

Immersing the glass in a silica supersaturated fluorosilicic acid solution may cause 
the soda and lime components of the glass to be preferentially etched much faster than the silica 
components. This acid solution may thereby form a skeletal silica structure . Such etching can be 
controlled to produce a skeletal surface structure having a refractive index of about 1.23 and an 
optical thickness of about one quarter wavelength of green light. Such a surface will effectively 
reduce the reflection due to destructive interference. Generally, the irregular micropore surface 
achieved has a purplish-brown to brown color (when viewed in daylight). The degree of etching can 



be controlled to adjust the index of refraction and thickness of the surface layer. A general refractive 
index of 1.21 to 1.32, with 1.22 to 1.24 preferred, may be obtained. The optical thickness, which 
is defined as physical thickness times the index of refraction of the skeletonized structure, should 
be between 125 and 200 nanometers, preferably 138-150 nanometers, with openings of from about 
100 to about 200 angstroms and a skeletal structure of about 100 to about 400 angstroms. 

The anti-reflective acid solution must be adjusted to the proper strength for the type 
of glass to be treated. The solutions are tested and compared by potency, termed "solution potency", 
to determine their strength. The basic solution, for example, hydrated silica/fluorosilicic acid, is 
taken as having a zero potency. A fluoride ion contributor, such as hydrofluoric acid or fluoride salt, 
may be added to obtain a positive potency, and a fluoride ion sequestering agent, added to reduce 
the fluoride ion activity and to attain a negative potency. For example, boric acid may be added to 
form a boron trifluoride, reducing the fluoride activity of the solution. The units of potency are 
related to fluoride ion concentration, wherein one milliliter of 1 molar HF per one liter of etching 
solution increases the potency by one positive unit, while 0.5 ml of 4% boric acid per one liter of 
etching solution is added to decrease the potency by one negative unit. The potency required may 
vary depending on the composition of the glass which usually varies from manufacturer to 
manufacturer. Generally, with soda-lime glass having about 25% soda-lime, the etching potency 
should be within a range of plus 12 to minus 12, when etched at about 45° C. The optimum etching 
potency is determined by immersing a number of glass samples in a series of solutions adjusted to 
a range of potency units. The samples are etched for a particular length of time, usually about 35 to 
about 70 minutes, with the solution which produces the glass with the best purplish-brown to brown 
color having the optimum etching potency. Once known, production treatment baths may be 
adjusted to the potency of that solution. 

The anti-reflective acid solution is preferably composed of fluorosilicic acid (H 2 SiF 6 ) 
to about 15% by weight, with hydrated silica added to saturation as previously described and then 
adjusted for potency. The fluorosilicic acid concentration in the etching solution can be higher or 
lower than 15% by weight, for example from 5 to 25 percent by weight. At a higher fluorosilicic 
acid concentration, a shorter time is required for producing the secondary raised and lowered 
surfaces. The etching temperature may also be adjusted from about 25° C to about 80° C with higher 
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temperatures taking less time to produce the skeletonized structure. However, at the higher 
temperatures, the acid concentration may vary due to evaporation and the solution is considered less 
stable for production operations. Examples of processing parameters are listed in Table 2. 



Table 2 


Bath Parameters 


Example No. 1 


Example No. 2 


Fluorosilicic Acid (% wt) 


15 


15 


Hydrated Silica (g/1) 


12* 


12* 


Hydrofluoric Acid 70% (ml/1) 


0 


0 


Boric Acid (4% ml/1) 


4 


9 


Potency 


-8 


-18 


Glass Immersion Time (min.) 


46 


16 


Temperature (°C) 


44 


60 



H- 
S! 

fa 

P 

i 

m 
m 



20 



25 



* Dissolved to saturation, excess removed by filtration 

Figure 4 illustrates the cross-sectional enlarged view of the glass treated with 
diffusion etching followed by anti-reflection etching. The glass 1 includes islands 3. In addition, 
a silica structure 4 comprising skeletonized silica is integral with the diffusion etched surface. The 
size of the AR structure is about 100 to about 400 angstroms with openings of about 100 to about 
200 angstroms. While the precise mechanism is not known, it is believed that the islands cause 
diffusion to occur without distortion. These islands are all larger than the visible wavelengths of 
light. These properties are believed to be formed because the density of the structure is low, and 
because the skeletal silica structure actually reduce the reflection and increases the transmission. 
This is believed to contribute to the high clarity of the glass. The secondary surfaces attains an 
optimum refractive index of 1 .23, with lowest reflection occurring at 1/4 wavelength of green light. 
Consequently, a combination structure is achieved which optimizes the reflection properties of the 
glass while minimizing distortion. This structure provides for high clarity, which is particularly 
applicable to use of the glass in picture frames or computer monitor screens. 
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The structures described in the above sections and illustrated in the Figures were 
confirmed using scanning electron micrograph (SEM) pictures of the glass surfaces at various stages 
of treatment with the present invention. Figures 5, 6 and 7, refer to SEM photos showing typical 
soda-lime glass throughout the treatment process. Figure 5 illustrates plain glass prior to any 
5 treatment. Figure 6 shows the glass surface after the pre-etch treatment and light-diffusion etching 
only. Next, Figure 7 shows a low reflective, high clarity surface structure. All three micrographs 
were taken at 100 X magnification. It is apparent that the plain glass of Figure 5 is very smooth 
compared to the etched glasses of Figures 6 and 7. A typical diffusion etched glass of the prior art 
is shown in Figure 8. A comparison of Figures 7 and 8 show substantially different surface 
1 0 , structures between the two. 

pat 

jrr; Figures 9 and 10 are micrographs, at 500 X magnification, that were taken after a 

*p light-diffusion step. Figure 9 illustrates a diffusion surface island without spikes and Figure 10 
v i illustrates a diffusion island with spikes. 

Referring to Figure 1 1, a view of a surface structure illustrating the skeletal silica 

1 § structure across the glass surface is shown using a scanning electron micrograph at 1 00,000 X. This 

D 

\jj illustrates the skeletal structure described in Figure 4. 

Figures 12 and 13 show a glass plate diffusion etched according to the present 
invention, having an island density of about 560 islands per square millimeter. While substantially 
rougher than the diffusion etched glass of Figures 6 and 9, this glass was found to still provide 
20 surprisingly high clarity with low reflectance after AR treatment. 

Lastly, Figures 14 and 15 are SEM pictures, taken at 100,000 X magnification, 
showing the skeletal silica structure across the glass surface. Figure 14 shows the prior art AR glass 
surface and Figure 1 5 shows the AR glass surface of the present invention. A comparison of Figures 
14 and 15 illustrate that the size of the skeletal silica structure and the openings in the structure 
25 differ. In Figure 14, both the structure and the openings are about 200 to about 600 angstroms. 
However, for the present invention, the skeletal structure is about 100 to about 400 angstroms and 
the openings are about 1 00 to about 200 angstroms. The granule density of the skeletal structure is 
about 30 to about 40 per 200 nanometer square for the prior art, and 50 to about 70 per 200 
nanometer square for the present invention. It is believed that the smaller size of both the skeletal 
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structure and the openings and the more densely packed skeletal structure of the preferred 
embodiment are responsible for keeping grease marks and other contaminates on the glass surface 
instead of being trapped in the lower surfaces. Thus, since the contaminates are kept on the surface 
of the glass, the surface can be cleaned with household glass cleaner and with minimal effort. 



5 EXAMPLE 1 

A plate of soda-lime glass having a composition of 14% soda and 9% lime, obtained 
from PPG Industries, is first cleaned in a pre-etching acid solution which removes a weathered layer 
of material from the glass surface. The pre-etching acid solution consists of 2% by weight 
M= hydrofluoric acid, with the glass plate immersed in this solution for two minutes, at room 
lfe temperature. The glass is then removed from the pre-etching acid solution and rinsed, preferably 
with water. 

S\ The pre-etched glass plate is then dipped in a diffusion etching aqueous solution 

including 430 milliliters per liter of 70% hydrofluoric acid, 80 grams per liter of ammonium 
5^ bifluoride, and 500 grams per liter of sorbitol. The glass is dipped once in the solution at 30 seconds 
liJ per dip at a temperature of 20° C. The plate is rinsed with water after each dip. 

o 

Iff The glass plate is then preheated to 52 C and thereafter immersed in an 

p:; anti-reflection acid solution. The solution comprising about 15% by weight fluorosilicic acid and 
about 12 to 1 5 grams hydrated silica added, depending on solubility of the silica in the acid. Also, 
either a hydrofluoric acid or fluoride salt may be added to obtain a positive potency or boric acid may 

20 be added to obtain a negative potency. The solution used with this example included 4 milliliters 
of 4% boric acid to obtain a negative potency of 8. The glass was immersed in the anti-reflection 
acid solution for 46 minutes at a temperature of 45° C and was agitated. The glass was then rinsed, 
dipped in a neutralizing solution, for example, about 5% sodium hydroxide, to remove any residual 
acid on the surface and then rinsed and dried. 

25 Glass treated on both surfaces, utilizing the preferred embodiment, has a reflectance 

of 0.5-0.9%, with common glass being 8%, which is approximately a 91% change in reflectance. 
The glass structure of the present invention has a transmittance of about 97%, which is superior to 
common glass which has a transmittance of about 90.5% (3/32" thick glass sheet). This is due to 
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the AR etching on the glass surface which increases light transmittance. 

Utilizing the combination of surface structures, including islands and a skeletal 
structure of silica, may produce a glass sheet which has extremely high clarity with extremely low 
reflectance and may be produced in an economic operation. Glass products produced according to 
the present invention can be used in picture frames, t.v. screens, computer screens and in various 
other applications where a low reflectance is required combined with high clarity. The glass 
structures of the present invention are particularly suited for high-volume applications due to the low 
cost of processing, with particular adaptability for use in picture frames to enhance the ability of a 
person to view the picture enclosed therein without distortion or glare. 

Thus, while there have been shown, described, and pointed out fundamental novel 
features of the invention as applied to a preferred embodiment thereof, it will be understood that 
various omissions, substitutions, and changes in the form and details of the devices illustrated, and 
in their operation, may be made by those skilled in the art without departing from the spirit and scope 
of the invention. For example, it is expressly intended that all combinations of those elements and/or 
steps which perform substantially the same function, in substantially the same way, to achieve the 
same results are within the scope of the invention. Substitutions of elements from one described 
embodiment to another are also fully intended and contemplated. It is also to be understood that the 
drawings are not necessarily drawn to scale, but that they are merely conceptual in nature. It is the 
intention, therefore, to be limited only as indicated by the scope of the claims appended hereto. 
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